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ABSTRACT 


BACKGROUND: Study of human coronavirus and other virus-associated respiratory illnesses is needed to 
describe their clinical effects on chronically ill, older adults. 

METHODS: A prospective study during 2009 to 2013 clinically assessed acute respiratory illnesses soon after 
onset and 3 to 4 weeks later in patients aged >60 years with chronic lung and heart diseases (group 1, 100 
subjects) and healthy adults aged 18 to 40 years (group 2, 101 subjects). Respiratory secretions were tested 
for nucleic acids of a panel of respiratory viruses. An increase in antibody titer was assessed for 4 
coronavirus strains. 

RESULTS: Virus-associated illnesses (29 [39.1%] of 74 illnesses in group 1 and 59 [48.7%] of 121 illnesses 
in group 2) occurred in all calendar quarters, most commonly in the first and fourth quarters. Coronaviruses 
(group 1: 14 [18.9%] illnesses; group 2: 26 [21.5%] illnesses) and enteroviruses/rhinoviruses (group 1: 14 
[18.9%] illnesses; group 2: 37 [30.6%] illnesses) were most common. Virus co-infections occurred in 10 
illnesses. Illnesses with 9 to 11 symptoms were more common in group 1 (17 [23.0%]) than in group 2 
(15 [12.4%]) (P < .05). Compared with group 2, more group 1 subjects reported dyspnea, more severe 
disease of longer duration, and treatment for acute illness with prednisone and antibiotics. Coronavirus- 
associated illnesses (percent of illnesses, group 1 vs group 2) were characterized by myalgias (21% 
vs 68%, P < .01), chills (50% vs 52%), dyspnea (71% vs 24%, P < .01), headache (64% vs 72%), malaise 
(64% vs 84%), cough (86% vs 68%), sputum production (86% vs 60%), sore throat (64% vs 80%), and 
nasal congestion (93% vs 96%). 

CONCLUSIONS: Respiratory illnesses were commonly associated with coronaviruses and enteroviruses/ 
rhinoviruses affecting chronically ill, older patients more than healthy, young adults. 
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Coronaviruses are enveloped, single-stranded, positive-sense 
RNA viruses and undergo RNA recombination and mutations 
facilitating adaptation from animals to humans.'” The iden- 
tification of severe acute respiratory syndrome coronavirus 
and Middle East respiratory syndrome coronavirus as causes 


of human disease*~**’ has increased the clinical significance 
of coronaviruses. Human coronaviruses (HCoVs) cause the 
common cold and influenza-like illnesses. Coronaviruses and 
other respiratory viruses also are associated with a number of 
more serious acute respiratory illnesses, such as pneumonia, 
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exacerbations of asthma and chronic obstructive pulmonary 
disease, croup, and bronchiolitis.* !* 

Two other coronaviruses, HCoV-NL63 and HCoV-HKU1, 
have a worldwide distribution and cause respiratory illness 
along with prototype strains, HCoV-229E and HCoV- 
0C43.'**° In patients with chronic obstructive pulmonary 
disease studied during the 1998 to 
1999 influenza season, 13.5% of 
illnesses were associated with 
HCoV-229E and HCoV-OC43 
infection, with HCoV-OC43 being 
more common.*”*? Coronavirus- 
associated illness was less severe 
than influenza but was associated 
with multiple respiratory and sys- 
temic symptoms, and hospitaliza- 
tion.” Walsh et al?’ reported 
HCoV-229E and HCoV-OC43 
infection rates of 2.8% to 26% in 
healthy young and elderly adults, 
high-risk adults, and hospitalized 
patients during the winters of 1999 
to 2003 and as contributions to 
medical disease burden.” 

In this multi-year, prospective 
study, our goal was to underscore 
the manifestations and importance 
of HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV- 
HKU1, and other respiratory infections throughout the cal- 
endar year in at-risk older patients with underlying chronic 
cardiopulmonary and other diseases compared with young 
healthy adults. 


common. 


adults. 


adults. 


MATERIALS AND METHODS 
Study Design and Subjects 


This was a prospective, observational study conducted from 
November 2009 to July 2013 to assess acute respiratory 
illness in patients aged >60 years with chronic lung or heart 
disease or both (group 1) and in healthy young adults aged 
18 to 40 years (group 2). Group | patients were capable of 
attending outpatient clinics and complying with study pro- 
cedures, but they were excluded if they had a life expec- 
tancy <3 years in the clinical judgment of the investigator, a 
febrile or respiratory illness within 15 days before enroll- 
ment, a significant bleeding disorder, asplenia, or a psy- 
chiatric condition that precluded compliance. Group 2 
subjects were in good health shown by medical history and 
physical examination. Volunteers were excluded from group 
2 if they had received immunosuppressive medications 
within 168 days, blood products within 120 days, or im- 
munoglobulins within 60 days; were immunosuppressed; 
had a febrile or respiratory illness within 15 days before 
enrollment; or had a clinically significant medical condition. 
All patients gave written informed consent. Eligibility 
was confirmed by a study physician. The study received 


CLINICAL SIGNIFICANCE 


e Coronavirus and enterovirus/rhinovirus- 
related acute respiratory illness were 


e Older, chronically ill adults had more 
severe illnesses than young, healthy 


e Dyspnea was more common in older, 
chronically ill than in young, healthy 


e Respiratory illness symptom duration 
was longer in older, chronically ill adults. 


e Older, chronically ill adults were more 
likely to receive antibiotics and steroids. 
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approvals by responsible institutional review boards and 
was conducted in accordance with the amended Declaration 
of Helsinki. 

From November 2009 to July 2013, enrolled patients 
each participated for up to 2 years, received phone calls 
every 8 weeks to remind them to contact study personnel at 
the time of acute respiratory 
illness, were evaluated by a study 
physician and nurse in clinic when 
they had 3 symptoms or fever 
(body temperature >37.8°C) 
accompanied by 2 symptoms of 
acute respiratory illness, and kept 
a daily temperature and symptom 
diary during the illness. Nasal and 
oropharyngeal swab and serum 
specimens were obtained at the 
acute illness visit. Illness symp- 
toms were reassessed, and a serum 
specimen was obtained 3 to 4 
weeks after the onset of the illness. 
Clinical assessments were 
completed without knowledge of 
assay results on swab and serum 
specimens. Assays were per- 
formed near the end of the study. 

Coronavirus-associated illness 
was the sudden onset of respiratory illness plus (1) a nasal 
and oropharyngeal swab specimen positive by reverse 
transcriptase polymerase chain reaction (RT-PCR) or 
(2) a >3-fold increase in the calculated titer of serum anti- 
body to coronavirus (serologic change) by enzyme-linked 
immunosorbent assay comparing paired acute and conva- 
lescent sera assayed at the same time. Other virus-associated 
illness was the sudden onset of respiratory illness plus swab 
specimen positive for respiratory virus nucleic acid. 


Virus Nucleic Acid Detection Performed in 
Research Laboratory 

RNA was purified from swab specimens using the QIAmp kit 
(Qiagen, Valencia, Calif) according to the manufacturer’s 
procedures. Testing for HCoV-229E, HCoV-OC43, HCoV- 
NL63, and HCoV-HKU1, and other respiratory viruses 
(respiratory syncytial virus types A and B, influenza A and B 
viruses, parainfluenza viruses types 1 to 4, metapneumovirus, 
enterovirus/rhinovirus, adenovirus, and bocavirus) was done 
by multiplex RT-PCR using the xTAG Respiratory Viral 
Panel Fast and the manufacturer’s procedures (Luminex 
Molecular Diagnostics, Inc, Toronto, Ontario, Canada).***° 


Coronavirus Antibody Enzyme-Linked 
Immunosorbent Assay 

The 4 coronavirus antigens for the antibody assay were 
produced as described.*”"°*’ Viral and mock antigens were 
used to coat flat-bottom 96-well Maxisorp Immuno-plates 
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(Nalge Nunc International, Rochester, NY) followed by the 
sequence of serum in 8 serial 2-fold dilutions, mouse anti- 
human immunoglobulin-G conjugated with horseradish 
peroxidase (Accurate Chemical and Scientific, Westbury, 
NY), and peroxidase substrate (KPL, Gaithersburg, MD). 
Optical density was measured at 405 nm by use of a Tecan 
SLT400 spectrophotometer (Research Triangle Park, NC). 
The anti-coronavirus antibody titer was calculated using 
log-transformed data by the reference line least-squares-fit 
method, which has a low coefficient of variation. 0?’ 


Severity of Illness 

The severity of illness was assessed in group 1 by a 6 
symptom-based Chronic Lung Disease Severity Index that 
evaluates chronic lung disease functional status and 
wheezing, dyspnea, cough, and sputum production.” The 
index ranges from 6 (best) to 27 (most severe). Severity of 
illness also was assessed in groups 1 and 2 by rating the 
severity of each of 11 symptoms and signs of acute respi- 
ratory illness (cough, dyspnea, sputum production, sore 
throat, nasal congestion, fever, chills, headache, myalgias, 
aches and pains, and malaise) as mild (symptom did not 
interfere with activity), moderate (symptom interfered with 
normal daily activities), or severe (incapacitating and pre- 
vented normal daily activities) and by 2 scores: a self- 
reported visual analogue scale of overall illness severity, 
ranging from 1 (mildest) to 10 (most severe), and a severity 
of influenza-like illness symptoms and signs score including 
16 symptoms and signs that were each graded on a scale of 
0 (absent) to 15 (most severe). ” All study subjects answered 
the 16 categories, and the total score reported is the sum of 
the 16 individual scores (maximum summed score = 240). 


Statistical Methods 

Descriptive statistics were used to analyze variables; 2 x 2 
chi-square tests or Fisher exact tests were used to compare 
categoric variables, and the appropriate Student ¢ test was 
used to compare continuous variables. Statistical analysis 
was done using SAS/STAT software, SAS version 9.2 (SAS 
Institute, Inc, Cary, NC). 


RESULTS 
We enrolled 100 subjects in group 1 and 101 subjects in 
group 2 between November 2009 and August 2011 in St 
Louis, Missouri. There were greater proportions of men and 
subjects who ever smoked cigarettes in group 1 than group 2 
(Table 1), and there were no gender differences in group 2 
(data not shown). Heart disease was reported by 77.6% and 
lung disease was reported by 65.3% of group 1 patients. 
Illnesses were reported and assessed in all calendar quar- 
ters, and the largest numbers of illnesses occurred between 
the fourth quarter of 2010 and the second quarter of 2012, 


Table 1 Demographics, Medical History, and Smoking History 
of the 2 Patient Groups 


Group 1 
(N = 100) 


Group 2 
(N = 101) 


Demographics 
Age (y), Mean + SD 
Gender, No. (%) 


66.6 + 20.3 30.6 + 6.4 


Male 90 (90.0)* 44 (43.6)* 
Female 10 (10.0) 57 (56.4) 
Race (and ethnicity), No. (%) 

Black/African 28 (28.0) 29 (28.7) 
Hispanic/Latino 0 1 (1.0) 

Asian 0 3 (3.0) 

White 71 (71.0) 64 (63.3) 
Hispanic/Latino 0 2 (2.0) 

Unknown (and Hispanic/Latino) 1 (1.0) 2 (2.0) 


CLDSI,{ baseline value, Mean + SD 14.4+4.2 NA 
Medical History 





Renal/kidney/bladder disease, 33 (33.7) 1 (1.0) 

No. (%) 

Heart disease: Yes; No. (%) 76 (77.6) 0 
Congestive heart disease 17 (17.4) 0 
Ischemic/coronary artery disease 62 (63.3) 0 
Valvular disease 15 (15.3) 0 
Other heart disease 12 (12.2) 0 

Liver disease, No. (%) 10 (10.2) 1 (1.0) 

Blood disease, No. (%) 0 1 (1.0) 

Lung disease: Yes; No. (%) 64 (65.3) 0 
Chronic obstructive pulmonary 37 (37.8) 0 
disease 
Chronic bronchitis 17 (17.4) 0 
Emphysema 10 (10.2) 0 
Asthma 16 (16.3) 0 
Other lung disease 10 (10.3) 0 

Neurologic disease, No. (%) 38 (38.8) 7 (7.0) 

Diabetes mellitus, No. (%) 33 (33.7) 0 

Cancer: Yes, No. (%) 26 (26.5) 1 (1.0) 

Seasonal rhinitis, eg, hay 60 (61.9) 45 (44.6) 

fever: No. (%) 

Otitis or sinusitis, No. (%) 23 (24.0) 21 (20.8) 

Smoking History 
Current cigarette smoker, No. (%) 16 (16.5) 19 (18.8) 
Ever smoked cigarettes, No. (%) 70 (72.9)§ 31 (30.7)§ 


Group 1 patients were at least 60 years of age with underlying 
chronic lung or heart disease. Group 2 patients were healthy and aged 
18-40 years. Group 2 patients could not have a medical history of un- 
derlying heart and lung disease. Comparisons of categoric variables by 
chi-square tests. Characteristics did not differ between male and female 
patients in group 2 (data not shown). 

CLDSI = Chronic Lung Disease Severity Index; NA = not available; 
SD = standard deviation. 

*P < .0001, greater proportion of male patients in group 1 than 
group 2. 

{The CLDSI score was determined only in group 1 patients. 

Patients with underlying lung disease could have >1 pulmonary 
diagnosis based on reported history and medical record review. 

§P < .0001, greater proportion of patients who ever smoked ciga- 
rettes in group 1 than in group 2. 
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when the numbers of patients being followed were highest 
(Figure 1A). Incidence rates for all illnesses were highest in 
the first quarter of 2010, fourth quarters of 2010 and 2011, 
and second quarter of 2012. Incidence rates overall were 
lowest in the second and third quarters of 2010 and third 
quarter of 2012 (Figure 1B). Coronavirus-associated ill- 
nesses were not detected in the third quarter of 2010 and 2012 
(Figure 1B). The decrease in the number of illnesses during 
the last 4 quarters of the study was most likely due to the 
fewer number of patients being actively followed. 

Of 74 illnesses in 38 subjects in group 1 and 121 illnesses 
in 59 subjects in group 2, 29 (39.1%) and 59 (48.7%) were 
virus associated, respectively. Coronaviruses were identified 
by serologic change or nucleic acid detection in 14 (48.3%) 
of 29 virus-associated (18.9% of 74 total) illnesses in group 
1 and 26 (44.1%) of 59 virus-associated (21.5% of 121 total) 
illnesses in group 2 without gender differences. HCoV- 
OC43 was the most common. Of the 40 coronavirus- 
associated illnesses in groups | and 2, 13 had a >3-fold 
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increase in antibody titer (serologic change) to more than 
1 coronavirus strain. In group 1, 9 illnesses had a serologic 
change to only 1 coronavirus strain: 3 to HCoV-229E, 3 to 
HCoV-0C43, 2 to HCoV-NL63, and 1 to HCoV-HKUI. In 
group 1, 5 illnesses had a serologic change to more than 1 
coronavirus strain: 2 to both HCoV-OC43 and HCoV- 
HKU1, which were also HCoV-OC43 RT-PCR positive; 1 
to both HCoV-OC43 and HCoV-NL63; 1 to HCoV-NL63 
and HCoV-HKUI1, which was also HCoV-OC43 RT-PCR 
positive; and 1 to HCoV-OC43, HCoV-NL63, and HCoV- 
HKU1. In group 2, 3 illnesses were HCoV-OC43 RT- 
PCR positive without a serologic change, and 18 illnesses 
had a serologic change to only 1 coronavirus strain: 3 to 
HCoV-229E, 7 to HCoV-OC43, 5 to HCoV-NL63, and 3 to 
HCoV-HKU1. In group 2, 8 illnesses had a serologic change 
to more than 1 coronavirus strain: 3 to both HCoV-OC43 
and HCoV-HKUI; 2 to both HCoV-NL63 and HCoV- 
HKU1, of which 1 was also HCoV-HKU1 RT-PCR 
positive; 1 to HCoV-229E and HCoV-HKUI1; and 2 to 
HCoV-229E, HCoV-NL63, and HCoV-HKU1. 

There were co-infections in 10 illnesses, 9 with and 1 
without a coronavirus detected. In addition to coronavirus, 
another virus was associated with 2 illnesses in group 1 (both 
enterovirus/rhinovirus) and 7 illnesses in group 2 (1 with 


e 


Figure 1 Acute respiratory illnesses evaluated by calendar 
quarter. (A) Shown are the numbers of enrolled study subjects 
who were being actively followed in the study for acute res- 
piratory illnesses by calendar quarter and the numbers of ill- 
nesses, in association with viral infection or not, with onset 
during each calendar quarter. (B) Shown are the numbers of 
enrolled subjects who were being actively followed in the study 
for acute respiratory illnesses by calendar quarter when more 
than 20 subjects were actively enrolled. The incidence rates of 
acute respiratory illness, calculated as illnesses per patient per 
year, are shown by calendar quarter and association with viral 
infection or not. Comparisons of categoric variables were by 2- 
sided Fisher exact test. The “All Illnesses” line includes the 
95% confidence interval of the incidence rate for each calendar 
quarter. “P < .05, incidence of illnesses not associated with a 
virus infection was highest in the fourth quarter of 2010 
compared with the third quarter of 2010 and first quarter of 
2011. °P < .05, incidence of illnesses not associated with a 
virus infection was higher in the first quarter of 2012 compared 
with the second quarter of 2012. °P < .05, incidence of ill- 
nesses associated with all virus infections was highest in the 
second quarter of 2012 compared with the first and third 
quarters of 2012. dP < 05, °P < .05, incidence of all illnesses 
was higher in the first quarter of 2010 compared with the 
second and third quarters of 2010. fP < .05, incidence of all 
illnesses was higher in the fourth quarter of 2010 compared 
with the third quarter of 2010. 5P < .05, incidence of all ill- 
nesses was higher in the fourth quarter of 2011 compared with 
the first quarter of 2012. "P < .05, incidence of all illnesses was 
higher in the second quarter of 2012 compared with the third 
quarter of 2012. 


5 
es 

Illness 

iratory 

f Acute Resp 

to 

Impac 

L 

eta 

Gorse 








is): 
/rhinoviru 1 
Virus, $ roup 
ero in g s 
ent irus SSES, 
ith viru illne 
1t. na 1 d 
6 w ith coro in 12 an 
and with ted i irus, l 
T E (tota 
a v Soha was tapneun ess a- 
influenz: not inovirus me 1 illn oron 
arain: illnesses s/rhino virus, in with c cted 
P i iru ial d iated dete 
ong erov cyti ecte ocia as e 
Am ent syn deti t ass irus w irus wer 
~ tients, e tory ach es noras! enn: viru e 
son pa a a illnesses s/rhin /rhinovi s wer 
a 5 5 3 and re S we ong 1 teroviru rovirus denovirus 33) 
TTF zS > iu: Am en nte a = 
A ov ). ients e d es A 
2l- ER aa S a ses = 15 2 patien enza and raan l illness ed imi the 
21S = ze E illness roup ainflu ainflu h (tota detect were 
2 = raw £5 E irus in g ses, par and par ss eac es were ted that 
5 Ge i . sses S illne : i 
a N = o a È y 30 illne 1 illness, 1 illn inovirus implica’ t 
=| H1 3 2 S in in din 1 s/rhin ions t leas 
= TE oF 2 ted cte iru: infecti d al 
aa ee $ 3 detec ly dete nteroviru sin porte ] and 
: = PTE iru. e o 
ala NaS 5a ie ae ). Thus, es with v ae atients : 1 [68.9% fön 
=> ola < co =e 6 le 2). illness nav: P 1: com 
S$ a is 2 Sg = Tab f illn oronay ity o up i: st ion, 
co al ied Na SG = ( ity o ith c ori ro mos sti 
jority wi maj s (g 6 nge 
Il o| y Bo 5 JOLY Q ted the illnes he l co duc- 
iS os g m socia set, i ). T asa ro 
z ES £ t as S onset, t atory ses). re n mp to 
3 G g> no illnes 1r illnes we utu ikel 
À vy = lln resp illn S sp ely 
2 F Toi E BON = 1.2%] h group ise, and ore ig 
ao ~ a xt in a = mp 74 [6 in bot malais ntly m t tha iffer 
T Ils Gal s “ja D = 6 sy : t 1 he, isnifica’ nse dif 
à a A oo 5g = up 2 t onse headac signi Iness o id not 
5S ~ beia m v = TO a e illn 1 
z aj S& oe 3 k ptoms throat, ts were s at il tients d o 
oA ie 2 m e en m: pa ild t 
E = pa] 2E 4 sy h. sor 1 pati ympto female mil 
£ Ə = 5 £ cough, up ll s and ften the 
= Se = Gro to ale as o tom, 
= a) © T tion. ‘ence 9 ut m: ity w mp vere 
7 5 E 5 anne bjects, b le 2). Seventy mesy teto:se d 
P|) E BE 5 exp subj ab on ra an 
m= = Aa = nger 2 (T mptom comm mode toms s 
— . 
ll == eos 5 5 : fia gle att ae es with a f symp aiid 
Ss] ~ ie D it Xi t S (0) r : a 
a = zg a aed “13 8 g n he ma ever, f illnes ency © ilar fo with 
~ 9 a 5# EO oA A E T te; how tion o frequ regum ared e and 
ne 5 |X 53 5 rate; or he we mp lon 
72 R| S2 $e 3 eae mre 2), T grades ripe oat Dui 
2 z= NS Sa 25 Š eate igure rity irus rene ; in 
= Bo 5 T T x al = F 5 gr de (Fig of seve ronaviru witha ne virus ommon d 
a8 TO S i Loe z2 © gra tion i co. ses ctin, re c ciate 
Tie = p fed = am Be 2 istribu ith illnes -infe mo sso 
< 5l ~ = 2 distri d w ing i co was irus-a: ses, 
RN ey 5 S 9 Ə iate ining her es, viru illnes 
NG S = a > 2 E5] ocia mbi not rad rona 1 S 
2 f 2 & : g E tS ass ping co with a severe - for co %| of a of 15 v 
— =—_ 
Soc Sac 35 4 grou virus ate to roup 6 [24 9 [60% ithout an 
2 r = a z 4 5 4 ene moder. d with ZA 14 vs tions ( ses wit %] of 
ala a st = & : . C ` S o 
2 S erat 55 2 group 1 compar 47] 0 viral 7 and illne s8 a 
E= m o . ‘ V a 
alg ox 8 e Re up 10 irus 01), f 44 1 patie - 
=e al oia a roup s ( nav <. 0 up 1rus 
aln AE = g g ection ncoro ses, P 65.9%] Bro ee s 
<x > Se £ in 01), no 7 illnes (29 [ a a co naviru. 
n . + = . 
n a co = š 2 n k 1 ro 
ê wo ae ‘148s of aa ne h a monco —— 
~~ . 
5 a| Sg žo Š [14. iru igur in p it SS iate 
cl Zlo <~ N = © ba 4 . d V (Fig in wl le lal 
= fie 1) on ients also soc 
> S|s me SS a S identi 00 mm tients aS a SÀ s-as 1). 
= Z is} 5 u 58, ia wa t ) ith co SSeS, ion w 
= ic £ ia illness 2A). it illne tio 
B E $ % S ERA on (Figure Pro of 25 ae conges group : 
ce a > Ss oc ion 8% as 
3 ee q £ ass tio up [6 N ong gro hou 
a) wv iv? | 7 > infec TO 17 S. Am 1t 
B -IPS Fag EEN a iral in an g vs roup es - 
= J N oL o> a vira. 1th f 14 th 8 ients. illness Irus 
[s] = ToL GB = p ]o in bo atie illn av 
< aa (ee ae 2a F in grou 21% n in of p ing oron he 
4 lS m a g = mng BI mo 0% t duri c dac 
9 g SE a Ss com: 10 en ong hea ith 
D Sja 2 T = illnes s un to frequ am nd wit 
z ajs SE 3 wa 4% e han at a d 
g 5 gS x er 8 or ; t hro are e 
5 Zoe Fev by sm on t mp sor 
o Aşan ti re ompi ( 
= a E is Z reported cough pa sua 2). ae fens Gom 
D 5 T D ients, vi igu 2 iral i illn 
a a EMA ca da fa) tien ified (Fig p vira 15 i 15 
E a% g = al f ifi S , ou irus f 
5 g a= ae S £ p ident illnesse in gr naviru %] of 3%] o 
3 5 as eS > he eo = an , d i on oro 3.3 53. 
e|= sil a = 2 8 ciate omm nonc 11 [7 s 8 
5| 5 z Eje =x së 2 asso ore c with vs f 27 v isease 
AE S| £ HK “" & e 3 ere m tients ] of 27 3%] o Lung D ll- 
n = > a Se a 2 T 2 W 1 pa % 96. i nro, 
n 1c e 
gj E 29 S g a up 96.3 26 [ hron: the ill- 
S| Ss o g o Le we TO 6 [ e 2). G s at Ni 
= æ NZ A Soe un S 2 Z oat, 2 adach Figure mean toms ring a t 
HES =o 2) FTR 3E z thri 05; he 01) ( nts, the re symp onside d did no 
© n v D = > ONY T v E . 5 tie Ve isits c n n 
o TE S wo ae = P< P < 1 pa se sits ya ea 
ajl 3 =~ 2 % SS vi 01 m 
F A <e |< st a 3 a ses, up d le SS 00 he 
a o a SJZ Kej v 1S o illness TO icate illne Fi ) T 
2 ee 5 55 £ il STOU ica i < E 4.6). 
= = am o S E v a Among dex ind he acute ale. 4.9, g 7244 
2 2 l © 5 5 A ity In at t W714 isit (1 
= = öz £ 5 i S Severi isit than 4.2 vs illness vi 
© c fe) = A D Vv t 4. 1 
2) 2 DE EE D men (14.4 e follow-up 
z p E Bese 4 esses t the 
2 £ A 2 D gY = a rove a 
i S y F Fg 2 imp 
A Fal 2 st = o + a 
a Sz pp sys g 2 
Nn v 1 
o a's ey 
= n 
= ae 
m = (eo) 
= =z 
= 
N 
v 
& 
2 
© 
[es 











Severe 
Moderate 
E Mild 


a P<0.01 





























Number of Illnesses 


glen 

ABC,ABC,ABC,ABC,ABC ABC, 

Fever Chills HeadacheMyalgias Aches Malaise 
and 





Pains 


. Illnesses (N=14) associated with coronavirus infection with or without another virus 
Illnesses (N=15) associated with a non-coronavirus virus infection 
Illnesses (N=44) without an identified, associated virus infection 


U ass 











Severe 
fA Moderate 
@ Mild 





ay 
Ss 
oe 


Percentage of Illnesses (X,@,@) 





oo 
© 











Number of Illnesses 
O = NŅN Q wn x 
5832823 


0 
ABGCABGABCABCABCABC, 


Fever Chills HeadacheMyalgias Aches Malaise 
and 
Pains 





A. Illnesses (N=25) associated with coronavirus infection with or without another virus 
B. Illnesses (N=27) associated with a non-coronavirus virus infection 
C. Illnesses (N=58) without an identified, associated virus infection 





C Severe 
A Moderate 
@ Mild 














‘AB C,,A B C,,A B C,,A B CABC 


Cough Dyspnea Sputum Sore Nasal 
Throat Congestion 
A. Illnesses (N=14) associated with coronavirus infection with or without another virus 
B. Illnesses (N=15) associated with a non-coronavirus virus infection 
C. Illnesses (N=44) without an identified, associated virus infection 











Severe 
Moderate 
E Mild 























a P<0.01 











AB C.A BC A BCA B C.-A BG 
Cough Dyspnea Sputum Sore Nasal 
Throat Congestion 
A. Illnesses (N=25) associated with coronavirus infection with or without another virus 
B. Illnesses (N=27) associated with a non-coronavirus virus infection 
C. Illnesses (N=58) without an identified, associated virus infection 








The American Journal of Medicine, Vol m, No m, m 2015 


index was higher at the acute than the follow-up illness 
visit for coronavirus-associated illnesses (18.0 + 4.8 and 
15.9 + 4.3). The mean symptoms and signs scores at the acute 
illness visits were significantly greater than at the follow-up 
illness visits in both groups 1 and 2 for both virus- and 
nonvirus-associated illnesses. The mean symptoms and signs 
score and the mean visual analogue scale of overall illness 
severity were significantly higher at the follow-up illness visit 
for group 1 than group 2 (Table 3). Mean symptoms and signs 
scores at the acute illness visit for group 2 female patients were 
higher than for male patients, but statistical significance was 
achieved only in the case of mean scores for all illnesses 
(Table 3). The duration of illness is not available because 
this was not an outcome measure. Especially in the group 1 
patients, underlying respiratory symptoms at baseline 
changed during acute illness but did not resolve, so that end 
of acute illness was difficult to pinpoint. The symptom 
scores suggest that illnesses in group | patients as a group 
had not returned to baseline at the convalescent 3- to 4-week 
follow-up illness visit. 

Among group 1 patients, 1 was hospitalized for respiratory 
symptoms approximately 2 weeks after an acute respiratory 
illness during which no virus was detected, 1 was hospitalized 
for pneumonia but did not undergo study evaluation at that 
time, and 1 died without recent acute respiratory illness re- 
ported. One group 2 patient died in a motor vehicle accident. 

Proportions of illnesses for which 1 or more new medi- 
cations were taken as treatment were similar in group 1 
(47.9% of illnesses) and group 2 (46.3% of all illnesses; 








e 


Figure 2 The number of illnesses with each symptom 
and the maximum symptom severity during each illness 
are shown by severity grade (mild, moderate or severe), 
subject age group, and association of illness with viral 
infection or not. Data for maximum severity were not 
available for 1 illness in group 1 and 11 illnesses in 
group 2. The height of each vertical bar is the number of 
illnesses with that symptom. The percentage of illnesses 
with that symptom is plotted with each vertical bar, 
respectively. Comparisons of categoric variables were 
by 2-sided Fisher exact test. (A) Maximum systemic 
illness symptoms in group 1, chronically ill, older adults 
aged >60 years. “P < .01, myalgias were more common 
in patients with viral infection other than coronaviruses 
compared with illnesses with a coronavirus infection. 
(B) Maximum systemic illness symptoms in group 2 
healthy, young adults aged 18 to 40 years. 
(C) Maximum local/respiratory illness symptoms in 
group 1 chronically ill, older adults, aged >60 years. (D) 
Maximum local/respiratory illness symptoms in group 1 
healthy, young adults aged 18 to 40 years. *P < .01, 
cough was more common among patients with an illness 
not associated with a virus infection compared with 
those associated with coronavirus infection. 


Table 3 Severity of Influenza-like Illness Symptoms and Signs Score and Visual Analogue Scale of Illness Severity Comparing Age Groups by Cause and Comparing Acute Illness and 3- to 
4-Week Illness Follow-up Time Points 


Severity of 
Illness Time 
Parameter Point 


Symptoms Acute 
and Signs 


Score 3- to 4-wk 18.8 + 
follow-up 


Visual Acute 
Analogue 


Scale 3- to 4-wk 2.3 + 1|| 
follow-up 








Group 1: Aged >60 Y 


Other 
Virus(es) 





48.9 + 23} 


5.3 + 2|| 





3.5: se 








No 
Virus 





47.6 + 23+ 


5.0 + 





3.6 + 2g,** 


Comparisons of continuous variables by Student t test. 
*P < .05, tP < .01, mean score was higher at acute than follow-up visit. 


P < .0001, mean score was higher at acute than follow-up visit comparing acute illness with follow-up time points within each age and etiologic group, respectively. 


All 
Illnesses 


47.1 + 224 


5.1 + 2|| 





3.342 








Coronavirus 


42.0 + 174 





Group 2: Aged 18-40 Y (Male Only; Female Only) 


Other Virus(es) 
43.5 + 214 











(32.6 + 13; 45.6 + 18) (40.3 + 25; 45.1 + 20) (33.3 + 17; 42.1 + 17) (35.2 + 20{t; 44.3 + 18łt) 


11*,§ 20.9 + 11t,8 24.9 + 18t,§ 22.9 + 16t,8 4.9 + 74,8 


(3.1 + 7; 6.0 + 6) 
5.0 + 2|| 
(5.0 + 1; 5.0 + 2) 














Y* 211] 


(1.9 + 1; 2.3 + 1) 


5.2 + 94,8 

(8.1 + 11; 3.8 + 7) 
4.6 + 2|| 

(4.8 + 2; 4.5 + 1) 
2.3 + 2||,# 

(2.0 + 1; 2.4 + 2) 












































§P < .0001, mean score at follow-up visit was higher in group 1 than group 2, comparing group 1 with group 2 for each illness cause category, respectively. 
||P < .0001, YP < .05, mean score at acute illness visit was higher than at follow-up visit, comparing acute illness with follow-up time points within each age and illness etiologic group, respectively. 
#P < .05, **P < .001, mean score was higher at follow-up visit in group 1 than group 2, respectively. 
TtP < .05, mean score at acute illness visit in group 2 was higher in female than male patients. 
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Table 4 New Medications Taken to Treat the Acute Respiratory Illnesses 


No. of Illnesses (%) 


Group 2: Aged 18-40 Y 


Group 1: Aged >60 Y 


Coronavirus With 


All Illnesses Coronavirus Another Virus 


(N = 71) 


16 (22.5) 
13 (18.3) 


Coronavirus With 
Coronavirus Another Virus 


(N = 12) 
3 (25.0) 
4 (33.3) 
0 (0) 


All Illnesses 


(N = 62) (N= 121) 


14 (22.6) 28 (23.1) 


Other Virus(es) No Virus 


(N = 33) 
5 (15.2) 
6 (18.2) 
2 (6.1) 


Other virus(es) No Virus 


(N = 14) 


5 (35.7) 


(N = 7) 


(N = 19) 
5 (26.3) 
2 (10.5) 
3 (15.8) 
2 (10.5) 
3 (15.8) 
7 (36.8) 
2 (10.5) 
0 (0)§ 


(N = 43) 
8 (18.6) 


(N = 2) 
0 (0) 


New medication 


4 (57.1) 
0 (0) 
0 (0) 


1 new medication 
2 new medications 


8 (13.3) 16 (13.2) 
7 (11.7) 12 (9.9) 
4 (6.5)} 12 (9.9)+ 
10 (16.1) 21 (17.4) 


18 (29.0) 35 (28.9) 


5 (11.6) 
4 (9.3) 


3 (21.4) 
1 (7.1) 


1 (50) 
0 (0) 


>3 new medications 


5 (7.0) 


4 (12.1)* 
7 (21.2) 


2 (28.6) 
1 (14.3) 
1 (14.3) 
0 (0) 
0 (0) 


11 (25.6)+ 23 (32.4)ł 


6 (42.9)* 
0 (0) 


1 (50) 
0 (0) 


5 (41.7) 
0 (0) 


Antibiotic 


3 (4.2) 
14 (19.7) 


3 (7.0) 


Acetaminophen or NSAID 


9 (27.3) 
1 (3.0) 
0 (0)8 


7 (16.3) 
2 (4.6) 
3 (7.0) 


4 (28.6) 
0 (0) 


1 (50) 
0 (0) 
0 (0) 


Combination cough/cold medication 2 (16.7) 


Antihistamine/decongestant 


Prednisone 


10 (16.1) 13 (10.7) 


3 (4.2) 


1 (8.3) 


2 (1.7)| 


2 (3.2) 


9 (12.7)|| 


3 (21.4)8 


3 (25)8 
New medication data were not available for all illnesses. Comparisons of categoric variables by 2-sided Fisher exact test. “Coronavirus with another Virus” refers to illnesses that were associated with 


coronavirus and a second virus. 


NSAID = nonsteroidal anti-inflammatory drug. 


*P < .05, tP < .01, łP < .0001, proportion of respective illnesses for which antibiotics were given was higher in group 1 than group 2 patients. 


§P < .05, ||P < .01, proportions of respective illnesses for which prednisone was given were higher in group 1 than group 2 patients. 
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male patients: 15 [41.7%] of 36, female patients: 41 [49.4%] 
of 83) (Table 4). Prednisone was more commonly 
prescribed for illnesses in group 1 than group 2 patients, 
particularly with coronavirus and other virus-associated 
illnesses, and antibiotics were more commonly pre- 
scribed in group 1 than group 2 patients during illnesses, 
whether virus associated or not (Table 4), without differ- 
ences by gender in group 2. Group 1 patients who were 
prescribed prednisone had underlying chronic obstructive 
pulmonary disease, emphysema, or asthma, but the clini- 
cian’s reason for prescribing prednisone was not recorded 
in the study database. Only 1 patient received an antiviral 
(oseltamivir). 


DISCUSSION 


The clinical significance of coronavirus infections and other 
respiratory illnesses was studied in older adults with chronic 
cardiopulmonary conditions compared with healthy younger 
adults by active surveillance and recording signs and symp- 
toms and their severity, including numeric gauges of severity 
of illness. This multi-year study involved prospective in- 
teractions with study subjects throughout the calendar year, 
not solely during winter seasons. A weakness is that it was a 
single-center study in | geographic region. Coronaviruses 
and enteroviruses/rhinoviruses contributed to morbidity in 
both subject groups and illnesses qualifying for clinical 
assessment. Patients were assessed for all 4 commonly 
circulating coronaviruses rather than for | or 2, as has been 
the more typical report in the literature. They are alphacor- 
onaviruses (HCoV-229E and HCoV-NL63) and _ betacor- 
onaviruses lineage A (HCoV-OC43 and HCoV-HKU1). The 
related Middle East respiratory syndrome coronavirus and 
severe acute respiratory syndrome coronavirus are betacor- 
onaviruses, but of the lineages B and C, respectively. More 
severe illness and higher mortality rates are associated with 
Middle East respiratory syndrome coronavirus and severe 
acute respiratory syndrome coronavirus, although a spectrum 
of mild to moderate disease also occurs.” ®7 

Respiratory illnesses occurred throughout the calendar 
year, but most commonly in the first and fourth calendar 
quarters and least commonly in the third calendar quarter. In 
both age groups, coronaviruses accounted for approximately 
20% of illnesses and 44% to 48% of illnesses with which a 
virus was associated. Because coronavirus infections were 
the focus of this study, we were more likely to identify 
coronavirus-associated illnesses due to serologic diagnosis of 
coronavirus infection in addition to the multiplex RT-PCR 
assay that detected fewer infections. Enteroviruses/rhinovi- 
ruses were as likely to be identified as coronaviruses, using 
only RT-PCR the results of which clinically could be 
available sooner than acute and convalescent serology 
results. Viral co-infections occurred as in other reports.” 
The overall incidence of coronavirus-associated illnesses 
(considering all 4 strains in our study) was higher than that 
reported previously when testing for 2 strains (HCoV-229E 
and HCoV-OC43).°°? HCoV-OC43 was most frequent, and 
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seroconversion to more than 1 coronavirus strain occurred in 
one third of illnesses, perhaps due to antigen cross-reactivity. 
The sensitivity of the multiplex may be less than real-time 
polymerase chain reaction and can be affected by viral load 
in the specimen and the virus strain.” The study was 
conducted in the years when widespread influenza epidemics 
were not reported, and fever, which is a hallmark of influ- 
enza, was uncommon and consistent with the lack of influ- 
enza viruses detected. 

Illness symptoms were more frequent in the older patients. 
Among respiratory symptoms, dyspnea was more common in 
older patients than in the younger group, and this was true for 
coronavirus-associated illnesses too. Cough, sputum, sore 
throat, and nasal congestion were common in both age groups, 
but in the younger age group cough was less common in 
coronavirus-associated illnesses than in nonvirus illnesses. 
Sore throat and malaise were more common in the younger 
age group than in older patients with coronaviruses. Among 
older patients, myalgias were less common in association with 
coronaviruses compared with noncoronavirus illnesses and 
younger patients with coronavirus-associated illnesses. 

The severity of illness scores helped quantify morbidity. 
The Chronic Lung Disease Severity Index indicated worse 
symptoms at the acute illness compared with baseline in 
older patients. The symptoms and signs score and the visual 
analogue scale of illness severity indicated more severe 
illness at the acute illness visit than at the 3- to 4-week 
follow-up visit for both age groups, but slower recovery 
during convalescence among the older patients and perhaps 
more severe symptoms among female than male patients at 
illness onset in the younger patients. 

New medications were taken during approximately 50% 
of illnesses in both age groups. Prednisone and antibiotics 
were prescribed more frequently for the illness in older 
patients, indicating possible effects on their underlying 
cardiopulmonary status. Antibiotics should be used judi- 
ciously in this clinical setting. 

Walsh et al” reported high rates of nasal congestion 
with coronavirus-associated illnesses, which is consistent 
with our findings now and previously,’ but dyspnea and 
sputum production were more prominent symptoms in our 
chronically ill patients and may have contributed to anti- 
biotic use in the older patients.” Other coronavirus 
studies, such as in younger adults by Lu et al,”* reported 
high rates of fever, sore throat, and headache, but lower 
rates of cough, sputum production, and nasal congestion 
compared with our patients. Rhinovirus and coronavirus 
infection—associated hospitalizations among older adults 
have been associated with symptoms of cough, dyspnea, 
nasal congestion, and sputum production, and steroid, 
bronchodilator, and antibiotic treatment.'° Rhinoviruses 
(32%) followed by coronaviruses (17%) were the 2 most 
common viruses associated with respiratory illness in 
elderly, community-dwelling adults in a study reported by 
Graat et al,'' with a clinical picture of lower respiratory 
tract and systemic symptoms, restriction of activity, and 
illness-associated medication use. 


CONCLUSIONS 


Our study describes the symptoms, greater severity, medical 
burden, and seasonality of acute respiratory illness in older 
adults with underlying cardiopulmonary diseases compared 
with young healthy adults. Coronavirus and enteroviruses/ 
rhinoviruses were the most common viruses associated with 
illness. The most common symptoms associated with but 
not unique to coronaviruses were chills, headache, malaise, 
cough, sputum production, sore throat, and nasal congestion; 
dyspnea was more common in the older group, and myalgia 
was more common in the younger group. Noncoronavirus, 
virus-associated illnesses, which were predominantly entero- 
virus/rhinovirus infection, commonly manifested headache, 
myalgias, malaise, cough, sputum production, sore throat, and 
nasal congestion. Older, chronically ill patients experienced 
more severe and prolonged disease, and were more likely to 
receive treatment with antibiotics and prednisone with coro- 
navirus and other virus-associated illnesses. The results of 
more sensitive virus nucleic acid detection techniques could 
help clinicians with diagnosis and encourage the judicious 
use of antimicrobials. 
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